janju (E M ), modul loma (f M ), čvrstoća na tlak paralelno s vlakancima (f c,0 ), smična čvrstoća paralelno s linijom lijepljenja (f v,0 ), smična čvrstoća okomito na liniju lijepljenja (f v,90 ), apsorpcija vode i debljinsko bubrenje nakon 2 i 24 sata potapanja uzoraka u vodi. Istraživanje je pokazalo da ljepilo upotrijebljeno za izradu LVL ploče znatno utječe na njezina svojstva. Poliuretansko ljepilo utjecalo je na bolja fi zikalna svojstva, a fenol-formaldehidno ljepilo pokazalo se najotpornijim među istraživanim ljepilima.

Ključne riječi: proizvodi od drva, drvo, polivinil acetatno ljepilo, poliuretansko ljepilo, fenol-formaldehidno ljepilo
with satisfactory results (Renzo, 2008) . Among the main resins used for structural component production, phenol-formaldehyde, and particularly resorcinol-formaldehyde and urea-formaldehyde, have several restrictions on use because of formaldehyde release, even after the adhesive dried (Çolak et al., 2004) .
A range of PVA based glues can be formulated to fi t the requirements and specifi cations of many products. The use of PVAc in LVL had good results in studies of Aydin et al. (2004) and Shukla and Kamdem (2008) . According to Kim and Kim (2006) , there is an increasing interest in the use of PVAc adhesive because of health risks associated to adhesives that contain formaldehyde. Polyurethane adhesive (PU) is formaldehyde-free. It can be found as a mono-or bi-component adhesive, and can be formulated for achieving satisfactory performance related to maturing speed, type of substrate, moisture resistance and mechanical stress. Studies carried out by Kilic (2006) , Kiliç (2011) and Bal and Bektas (2012) highlighted good performances of LVL produced with polyurethane-based resins.
This study evaluated the infl uence of the type of adhesive on physical and mechanical properties of LVL made from paricá (Schizolobium amazonicum Huber ex. Ducke).
MATERIAL AND METHODS
MATERIJAL I METODE
Veneer production 2.1. Izrada furnira
Paricá veneers (Schizolobium amazonicum) of 2.71 mm x 85 cm x 115 cm in thickness, width and length, obtained from PORTIL® -Portas Itinga Limitada and Rio Concrem Industrial Limitada®, both from Dom Eliseu city, Pará State, were used in this study. Further information about veneer production and yield can be obtained in Melo et al. (2014) . Fifty 5-7-year-old Schizolobium amazonicum Huber ex. Ducke (Leguminosae -Caesalpinioideae) trees were harvested and 170-cm length logs were produced and randomly selected in the yard of a plywood facility located in Northern Brazil. The selected logs were peeled within 72 hours after harvesting, and therefore they were still in wet condition.
The veneers without defects were selected, taken to the laboratory and resized into samples of 2.71 mm x 25 cm x 50 cm. The samples were then acclimated, and mass and dimensions were measured for later calculation of apparent specifi c mass. At this step, wave propagation speed was also obtained using a Stress
INTRODUCTION
UVOD
The selection of an ideal adhesive to produce structural wood composites depends on different aspects; highlighted among them are the costs, the use of the product, exposure conditions, production method, technology and devices available, the use of treatments and the dimensions and shape of the product (Kurt, 2010) . The characteristics of adhesives used in LVL (laminated veneer lumber) production have an important role in the quality of the fi nal product, which can be established based on physical and mechanical properties of the boards. Therefore, the use of a proper adhesive should allow acceptable properties suitable for future use of the panels (Uysal, 2005) .
Traditionally, structural wood adhesives are synthetic resins with conditions to promote high durability, resistance and rigidity to structural components produced. The most used resins in LVL production for external use are phenolics, including phenol-formaldehyde and on a smaller scale, resorcinol-formaldehyde (Kol et al., 2010) . These adhesives are highlighted because of properties such as high humidity resistance, durability and resistance to microorganism attack that enable more durable fi nal products.
The use of non-phenolic adhesives for LVL production is fundamental, mainly for components with semi-structural or non-structural application. In this way, the improvement of adhesives is already provided, as well as the development of new adhesives made considering the application to products that will be used in dry or humid environments. This aspect enables, for example, the manufacturing of products specifi c for interior or external use with a satisfactory quality and lower cost, since the use of a resin with high humidity resistance that generally costs more is unnecessary for these applications (Uysal, 2005) . In this class, the most commonly used adhesives for LVL production are urea-formaldehyde, melanin-urea-formaldehyde (Çolak et al., 2004; Kurt, 2010) , polyvinyl acetate crosslinking (PVAc) and resins based on polyurethanes (Kilic et al., 2006; Kiliç, 2011) .
Another relevant aspect to choosing the type of adhesive is the requirement of high temperature for maturing. Hot gluing, necessary for phenol-formaldehyde and urea-formaldehyde adhesives, involves additional costs for board production but accelerates maturing time. Cold gluing (room temperature) used for resorcinol-formaldehyde, polyurethane and PVAc has been used at the industrial level to produce structural components Wave Timer device, which was used in conjunction with specifi c mass (ρ) results, to determine the dynamic modulus of elasticity (E md ).
Adhesive used 2.2. Primijenjena ljepila
The specifi cations and features of each resin used for LVL production are described as follows:
Polyvinyl acetate crosslinking (PVAc), bicomponent of Multibond X-080, with catalyzer TSA from Franklin International ® . The properties observed for this resin were: solid content of 52 %, pH 4.5 and viscosity of 4500 cP, according to the specifi cations of the producer.
CR-070 Phenol-formaldehyde (PF) was used, formulated in the ratio of 100:5:8:7 of resin, wheat fl our, coconut fl our and water, according to the specifications of the producer SI Group Crios ®. The viscosity observed for the mixture was approximately 840 cP, measured at room temperature with a digital viscometer (spindle #27), pH 11.4 obtained using a pH meter and solid content of 59 %.
Polyurethane based resin (PU) used was Cascola PU, monocomponent from Henkel ® , according to the producer ideal for gluing in external areas, as it is waterproof and resistant to different weather conditions and temperatures. According to the producer, resin viscosity is 6000 cP, pH 7.0 and solid content 100 %.
2.3
Manufacturing of panels and sample preparation 2.3. Proizvodnja ploča i izrada uzoraka LVL was produced in three different treatment groups considering the type of adhesive used (polyvinyl acetate crosslinking, phenol-formaldehyde and polyurethane). For each treatment, pieces with dimensions of 25 cm x 2.2 cm x 50 cm (width x thickness x length) were produced into x-layers LVL. To reduce the variability of properties, boards were assembled through resistance classes according to their E md , with veneers with higher E md at the outer layers, their values decreasing towards the center layer (more resistant veneers at the face and less resistant veneers at the core). The veneer selection within each class for panel assembly was random.
All adhesives used in the experiment were manually applied using a spatula with a gramature of 200 g/ m 2 . For pressing, a pressure of 1.0 N/mm 2 was used. LVL produced with PVAc and PU was pressed with a hydraulic presser at room temperature for 12 hours. In the case of PF a cold pre-pressing was made, aided by concrete blocks for 30 minutes following adhesive application. The LVL were then taken to the hydraulic presser and pressed for 12 hours at 140 °C.
Determination of properties 2.4. Određivanje svojstava ploča
For the evaluation of physical properties (specifi c mass, moisture content, water absorption, thickness swelling and residual swelling) of LVL made from paricá, the recommendations of the ASTM D 1037 standard procedure (1999) were used. Twenty eight samples of wood were used per treatment, with the dimensions of 2.2 cm x 2.2 cm x 10 cm. The samples were acclimated at temperature of 20 °C ±2 and 65 % ±5 relative humidity, until constant mass was achieved and dimensions and mass could be measured. Following this, specimens were submerged in water and mass and dimensions were measured after 2, 24 and 96 hours following immersion. At the end of the trial, the samples were again taken to the climate chamber, where dimensions and mass were stabilized and these parameters re-measured.
Mechanical tests were carried out according to recommendations of the ASTM D 5456 standard procedures (2006). Two positions for bending resistancefl atwise and edgewise, were evaluated. Twenty one samples were used per treatment and per position in the dimensions of 2.2 cm x 2.2 cm x 40 cm. The load was applied at the speed of approximately 2.5 mm/min. The spacing between supports was 36 cm in length.
For compression testing, 21 samples were used per treatment with dimensions of 2.2 cm x 2.2 cm x 10 cm. The specimen dimensions were determined by the maximum ratio of length/radius gyration (17 times) allowed by the standard procedure. The trial speed was 1 mm/min. Compression for the samples was determined by the force applied at the area subject to stress. For parallel (tension parallel to grain test) and perpendicular (tension perpendicular to grain test) shear stress in relation to glue line, 21 samples with dimensions of 2.2 cm x 2.2 cm x 3.3 cm and an area for the application of the shear stress were used.
Analysis of results
Analiza rezultata
The physical tests of water absorption and thickness swelling, and the mechanical trial of static bending were performed using a complete randomized design with factor arrangement. When a signifi cant difference was detected using an F-test, the factors and their interactions were analyzed by the Scott-Knott test (p > 0.05). Other results were evaluated using ANOVA with later comparison by Tukey test (p > 0.05), also with a completely randomized design.
RESULTS AND DISCUSSION
REZULTATI I RASPRAVA
Physical properties 3.1. Fizikalna svojstva
The use of different adhesives for LVL production did not infl uence the specifi c mass of the panels (Figure 1 ). This can be attributed to a pre-classifi cation of the veneers based on E md and to the same amount of resin used for all treatments (200 g/m 2 ). The specifi c mass presented greater values than Iwakiri et al. (2010) observed for LVL made from paricá produced with different assembly strategies and glued with PF. They ranged between 0.37 g/cm 3 and 0.41 g/cm 3 . Regarding equilibrium moisture content, LVL produced with different resins were observed to be signifi cantly different, as the use of PF promoted higher moisture content, followed by PVAc and fi nally PU. Renzo (2008) studied different adhesive formulations using resorcinol-formaldehyde (RF), tannin and castor bean-based PU and also observed that the type of resin used signifi cantly infl uenced the equilibrium moisture content in LVL made from Eucalyptus grandis. In addition to the factors that are inherent to the wood itself, aspects related to the manufacturing processes of LVL have an infl uence on its equilibrium moisture content. Among them, authors mentioned that the type and amount of resin used, and time and temperature of pressing were the factors that differed between the treatments and that could have infl uenced the results. The same authors also mentioned that equilibrium moisture for reconstituted wood was generally lower in comparison to solid wood for the same temperature and humidity conditions.
Lower moisture content was observed for LVL glued with PU adhesive. This could be explained by the use of water by the adhesive while maturating through the reaction of its isocyanate groups with the water molecules that are present in the wood. This relates to the lower equilibrium moisture content observed in PVAc panels in comparison to PF panels, attributed to a crosslinking process between hydrogen bridges and polyvinyl resin.
For all treatments, the equilibrium moisture content observed was lower than the value from the climate chamber, pre-established at 12 %. A similar behavior was observed by Hashim et al. (2011) for LVL made from Hevea brasiliensis. This behavior is explained by different hygroscopicity between products made of wood and solid wood, because of the reduction of the wood into veneers and later the incorporation of resins, paraffi n and other substances. Another aspect that contributes to hygroscopicity reduction is the use of high temperatures and pressure on the fi nal consolidation of the LVL panels.
LVL performance in water absorption and thickness swelling tests did not present signifi cant interactions for the evaluated factors (Table 1) . This means that the type of adhesive used does not show different behavior for the evaluated times. Consequently, the data were analyzed separately. Better dimensional stability was observed for LVL produced with PU, followed by the LVL produced with PF ( Figure 2) . Renzo (2008) proved the effi ciency of PU adhesive on dimensional stability for LVL, when it was observed that LVL produced with this resin resulted in a lower percentage of water absorption and thickness swelling when compared with LVL produced using tannin resin, resorcinol resin or a mixture of both. Uysal (2005) compared PU adhesive (D-VTKA) to other kinds of resins (UF, PF and PVAc) and found PF performed better, and PU had similar results to PVAc.
No stabilization of water absorption was observed for the period evaluated. When comparing types of adhesives, LVL produced using PU had lower water absorption, PVAc presented higher water absorption and boards that used PF presented intermediate results (Figure 2 ). Studies carried out by Uysal (2005) showed different results for LVL made from Pinus sylvestris, where LVL glued with PF absorbed less water compared to LVL that used PU, PVAc and urea-formaldehyde (UF).
For thickness swelling, stabilization was observed 24 hours after immersion, which can be attributed to the fi bers achieving saturation point (PSF). Where there was no additional water absorption after this period, interference occurred on the dimensional stability of the component.
The use of different kinds of adhesives promoted a signifi cant difference on residual swelling for LVL made from paricá. This was a repetition of what occurred for thickness swelling, where components that Residual swelling is represented by compression stress (springback) to which the samples were exposed during manufacturing (Figure 3 ). As the pressure used for LVL production was the same for all treatments (1.0 N/mm 2 ), the results indicate that part of this swelling effect is represented by a loss of adhesion quality that occurred due to long time in which the samples were immersed in water.
Mechanical properties 3.2. Mehanička svojstva
No signifi cant interactions were observed for resistance and rigidity to bending of LVL from paricá between different types of adhesives (PVAc, PF and PU) and trials (fl atwise and edgewise). These factors however had a signifi cant infl uence on LVL performance when analyzed individually (Table 2) .
Among the types of adhesives used, PF promoted the highest values for E m , followed by PVAc. For LVL that used PU as an adhesive, it presented greater elasticity (less rigidity) (Figure 4 ). According to Broughton and Hutchinson (2001) , this elasticity is common for products that use PU as an adhesive, because it presents a less rigid bonding line, usually in the form of foam caused by a reaction between the adhesive and wood moisture, producing CO 2 . Regarding the ƒ m parameter, PF was the type of adhesive that was observed to promote a greater bending resistance, while other adhesives presented an equivalent resistance (Figure 4) . Kilic et al. (2006) observed for LVL made from Alnus glutinosa that the use of PVA promoted superior mechanical resistance compared to PU adhesive, but for physical water resistance the reverse was observed. However, according to the authors, these results do not regard it impossible to use PVA for structural purposes, since it can be applied to structures in an internal environment. In external areas, the use of PU would be preferred compared to PVA.
Samples in a fl atwise trial presented a greater modulus of elasticity (E m ) and modulus of rupture (ƒ m ) compared with the edgewise position (Figure 4 ). This result can be attributed to veneer classifi cation and board assembly that prioritized more resistant veneers for the external layers of LVL. Horizontal laminated systems (fl atwise) submitted to bending when more resistant veneers were positioned close to the edges, making it more effi cient and resulting in a more resistant laminated component. Iwakiri et al. (2010) observed that mixed LVL made from paricá (core) and Eucalyptus saligna (covers) had greater bending resistance for both positions of trial (fl atwise and edgewise) than LVL produced exclusively from paricá veneers. According to these authors, the arrangements of veneers with a higher specifi c mass at the face of the LVL, where greater traction stress and compression effort occurred on static bending, were responsible for increased performance. In the same study, it was evidenced that the arrangement of more resistant veneers at the core of the panels did not contribute to increased resistance or rigidity in fl atwise position. Müller (2009) observed similar results for mixed LVL made from Pinus taeda and Eucalyptus saligna. This occurred because in static bending trials a multi laminated element is placed on a surface supported by the ends with stress applied in the middle of the interspace, and therefore veneers closer to the surface have to support greater traction stress (inferior face) and compression effort (superior face).
LVL produced with PVAc presented superior parallel compression effort (ƒ c,0 ) compared to the ones that used PF. LVL that used PU adhesives obtained interme- Since paricá is a wood species with a low specifi c mass, the young harvested tree samples (4 to 7 years) normally used for commercial veneer production presented low values of shear resistance. To obtain more resistant wood in a population, it is necessary to harvest older trees because they tend to have a higher percentage of adult wood and consequently, a greater specifi c mass. An example of this is given by Pio (2002) , who studied properties of LVL made by veneers of Eucalyptus grandis of different ages (15 to 20 years) and proved that the use of veneers from older trees provided a higher performance on mechanical properties.
CONCLUSIONS
ZAKLJUČAK
Different kinds of adhesives used in this study signifi cantly infl uenced the performance of physicalmechanical properties of LVL made from paricá (Schizolobium amazonicum). In regards to physical properties, polyurethane adhesive presented better results by having lower percentages of water absorption, thickness swelling and residual swelling. For mechanical properties, in a joint analysis of the results, phenolformaldehyde provided greater resistance (except in compression) among the adhesives tested, because it provided better performance when submitted to bending and shear stresses. 
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